 GPC and SAC. (BrJ Ophthalmol 1996;80:556-560) 
In investigations of ocular allergy, the presence of eosinophilic granulocytes has been a prominent finding in biopsies,' 2 whereas more or less unintrusive sampling methods such as conjunctival scraping"' and tear fluid collection4 have failed to detect eosinophils in a considerable number of cases. Thus the pathological importance of the eosinophil in allergic conjunctivitis remains to be defined.
The eosinophil plays a key role in the inflammation of allergic diseases in general. It is a major cellular component in the late allergic response whether the target organ is the lung6 or the eye. ' In addition, the eosinophil is considered a potent proinflammatory cell8 with truly pathogenic properties9 in bronchial asthma. In its activated state the eosinophil liberates preformed basic proteins: eosinophil cationic protein (ECP), major basic protein (MBP), eosinophil peroxidase (EPO), and eosinophil protein X/eosinophil derived neurotoxin (EPX/EDN). Besides the proved toxic effects of MBP and indirect evidence of damaging effects of ECP and EPO on airway epithelium in animals,10 some data suggest an association between asthma severity and eosinophil activity, measured as released ECP. 6 Moreover, MBP" and EPO" may be capable of degranulating mast cells, and additional effector functions of the eosinophil can be exerted by its inflammatory mediators prostaglandin E2, leukotriene C4, and platelet activating factor (PAF).
To elucidate the role of eosinophil activation in allergic conjunctivitis, ECP was analysed in tears and serum of patients with various allergic eye disorders.
Patients and methods

PATIENTS
Sixty three patients with conjunctival signs and symptoms meeting the diagnostic criteria (Table 1) 
HYPERSENSITIVI)
A confirmed pollen sensitisation with radioallergosorbent testing (Pharmacia CAP Systems, RAST FEIA, Pharmacia Diagnostics, Uppsala, Sweden) was a prerequisite for being included as an SAC subject. Among patients with the chronic allergic conjunctivitis forms, diagnosis of atopy was based on the presence of Table 2 .
RECORDING OF SYMPTOMS AND SIGNS
Scoring systems with a 1-3 scale (l=mild and 3=severe) adjusted to the differing manifestations of the four types of allergic conjunctivitis, were designed to assess the patients' inflamma- increased levels of tear ECP'4 and of MBP in tears'5 and tissue.'6 The subjects suffering from corneal epithelial defects-that is, 3 points in symptom score, almost consistently exhibited the highest tear ECP measurements (Fig 2) . Eosinophil activity in these cases may well be as much the cause as the consequence of inflammation, thus resembling the situation in asthma where a cause and effect relation has been proposed for eosinophil secretion and tissue damage.9 The possibility of eosinophils provoking epitheliopathy has further been suggested in an in vitro model, where MBP has proved to retard epithelial healing of the cornea."' In limbal vernal disease, corneal wounds rarely appear, which the somewhat lower ECP levels in comparison with those of palpebral vernal disease seem to reflect.
The AKC median tear ECP value was more than two times lower than that of VKC. Possibly, this statistically insignificant difference could be attributable to the small number of AKC subjects with corneal disease in our material (Fig 3) . A recent histopathological study failed, however, to single out activated eosinophils as the cause of keratopathy in AKC.'8 Nevertheless, ECP itself could be responsible for another important tissue alteration in AKC, since it inhibits proteoglycan degradation'9 and thereby may contribute to conjunctival scarring.
Moderate, but still significant, increases of tear ECP were demonstrated in SAC. However, three out of 14 patients with SAC rendered values below the highest negative control value. The prerequisite of high allergen concentrations to elicit eosinophil recruitment has been clearly established in one human challenge model.7 Consequently, we believe that the three SAC subjects with low tear ECP levels had experienced too low an allergen exposure with respect to their individual sensitivity to evoke cosinophil migration and activation. Still, the significant correlation between disease activity and ECP implies that eosinophils can have a pathogenic role also in severe cases of SAC.
In contact lens induced GPC, tissue eosinophilia has been previously reported as less pronounced than that of VKC,' which agrees with the tear ECP results of our corresponding GPC subjects. Two subjects with papillary disease secondary to exposed sutures demonstrated the highest ECP levels (Fig 4) .Whether suture induced conjunctivitis is more liable to cause eosinophil activation than contact lens associated disease could not be determined, however, owing to the limited number of subjects examined.
VKC, AKC, and GPC are all deemed allergic on the basis of conjunctival mast cell infiltration,'1 2 20 the presence of mast cell derived products,2' 22 and IgE in tears. [23] [24] [25] None of the disorders is, however, invariably associated with atopy. In the present investigation the highest proportion of atopics was found in AKC and the lowest in GPC (Table  2) , which confirms previously published data.23 2128wWhen atopics were compared with non-atopics of the chronic allergic groups, no significant difference was found in tear ECP. Interestingly, Bentley et al reported an equal increase in tissue EG2 + cells-that is, 'activated' eosinophils, in non-atopic and atopic asthma.29 It might be that the allergen specific hypersensitivity of the atopic subjects superimposes on pathogenic mechanisms that are commonly shared in atopic and non-atopic disease. Clearly, the cytokines interleukin 3 (IL-3), IL-5, and granulocyte macrophagecolony stimulating factor (GM-CSF)'0 and the chemoattractants leukotrienes," PAF,32 and histamine33 can all be released in the wake of allergen and specific IgE interactions, but it remains unknown whether the same biological pathways are responsible for eosinophil activation and infiltration in subjects who lack evidence of specific hypersensitivity.
Isolated subjects with blepharoconjunctivitis were included as a positive control group to investigate the role of eosinophil activation in non-allergic conjunctivitis. This group also showed increased tear ECP values compared with the negative control subjects. Eosinophil participation in blepharitis has not yet been suspected and can only be established with an extension of this study group. Beyond doubt, elevated tear ECP is not specific for allergic conjunctivitis.
The serum ECP analyses revealed statistically significant increases over normal controls for all allergic disease entities, which confirms a recent report on vernal conjunctivitis34 and numerous investigations of other allergic diseases like atopic dermatitis35 and asthma.36 In our study, the presence of atopy in chronically affected patients was the only disease variable which was related to high serum ECP values. It is conceivable that the serum ECP was more influenced by associated major allergic manifestations such as eczema or asthma, which were nearly ubiquitous in atopics and close to absent in non-atopics, than by the conjunctival inflammation.
In conclusion, we have demonstrated that tear ECP, in contrast with serum ECP, is a useful marker for disease severity in allergic conjunctivitis and as such could become a valuable objective variable in treatment studies. The sensitivity of eosinophil detection in conjunctival scraping'5 and tear fluid4 has been low, and tear ECP testing seems more reliable since it yielded a much greater percentage of subjects with allergic conjunctivitis with concentrations exceeding the highest normal control value. Consequently, the test holds a potential as an adjunctive diagnostic tool in chronic conditions, because repeated values below 20 gg/l do not suggest allergy as being the cause. On the other hand, elevated tear ECP is not pathognomonic for allergic inflammation.
The exact pathogenic importance of the eosinophil and its releasable products is yet unknown in allergic conjunctivitis. However, the consistently high levels of tear ECP in AKC and VKC suggest an instrumental role of the eosinophil in the pathophysiological changes that characterise these severe chronic conditions.
